and bis(di-n-propyldithiocarbamato)zinc(II), [Zn(dnpdtc) 2 ] complexes with 2,2'-bipyridine (2,2'-bipy) (1:1 ratio) in ethanol was investigated. Simple mixing of the reactants in 1:1 ratio resulted in five-coordinated [Cu(2,2'-bipy) 2 S]CH 3 CH 2 OSO 3 H (1) and [Zn(2,2'-bipy) 2 S]CH 3 CH 2 OSO 3 H.2H 2 O (2). Refluxing the reactants and cooling the contents result in the formation of [Zn(2,2'-bipy)(H 2 O) 2 ]SO 4 (3) and [Cu(2,2'-bipy)(H 2 O) 2 ]SO 4 (4). Complexes 1 and 2 are monomeric with trigonal bipyramidal geometry. A distorted octahedral environment was observed in complexes 3 and 4. The crystal structure of 4 has already been reported in the literature. Crystal structures of 1, 2 and 3 are reported in this paper. The M-S distances in 1 and 2 are 2.318(1) Å and 2.323 Å, respectively. The N-M-S angles are larger than the N-M-N angles due to the steric requirements.
INTRODUCTION
Bisdithiocarbamate complexes have been investigated extensively. 1, 2 The interaction of metal dithiocarbamates with Lewis bases leads to the formation of the corresponding base adducts. [3] [4] [5] [6] [7] Bis(dialkyldithiocarbamato)nickel(II) complexes, [Ni(dtc) 2 ] show interesting variations in their reactions with Lewis bases. [8] [9] [10] [11] [12] Bis(diethyldithiocarbamato)nickel(II) was shown to form an adduct with pyridine only at liquid nitrogen temperature, whereas similar complexes with electron withdrawing substituents on the dithiocarbamate moiety formed an adduct with ease at ambient temperature. 13 Other than the adduct formation reaction, similar complexes were shown to also promote redox reactions of the ligands under basic conditions. A copperthiol complex [Cu(RSH) 2 Cl] in pyridine was shown to oxidize thioamides, thiols, sulphide ion and sulphur to sulphate ion. 14 Transition metal ions, such as copper(II), iron(II) and nickel(II), are known to promote oxidation of sulphur compounds under basic conditions. 15 One such instance is the oxidation of sulphides, thioamides and sulphur to SO 4 2-by the copper(II)/pyridine system. A new mononuclear copper(II) complex, [CuCl(2,2'bipy) 2 ]BF 4 ·CH 2 Cl 2 , was reported and its X-ray analysis revealed a slightly distorted trigonal-bipyramidal coordination geometry of copper(II). 16 The crystal structure of [Zn(5,5'-Me 2 -2,2'-bipy)(H 2 O) 4 ]SO 4 was reported recently. 17 The Zn(II) complex cation, with approximate twofold symmetry, displayed a slightly distorted octahedral geometry around the Zn(II) atom, which was coordinated by two N atoms from the 5,5'-dimethyl- 2 ] complexes were allowed to react with 2,2'-bipyridine (2,2'-bpy) (1:2 ratio) in ethanol. The products were analysed and structurally investigated and the results are reported herein.
EXPERIMENTAL

Materials
Diethanolamine (99 %), di-n-propylamine (97 %), CS 2 (95%), copper(II) chloride dihydrate (95 %), zinc(II) sulphate heptahydrate (97 %) and 2,2'-bipyridine (97 %) were obtained from Merck. Ethanol was of HPLC grade.
Preparation
The parent Cu(deadtc) 2 and Zn(dnpdtc) 2 complexes were prepared by literature methods. 1, 2 (i) Ethanolic solutions of Cu(deadtc) 2 (10 mM, 423 mg, 25 cm 3 ethanol) and 2,2'-bipyridine (20 mM, 312 mg, 25 cm 3 ethanol) were thoroughly mixed and then left undisturbed. The solutions turned bluish green overnight and light blue crystals separated from the solution after about seven days. The crystals analysed to the formula [Cu(2,2'-bipy) 2 (ii) A similar procedure as described above was followed with Zn(dnpdtc) 2 in ethanol. Pale yellow crystals separated from the solution. The crystals analysed to the formula [Zn(2,2'-bipy) 2 (iii) Different conditions were adopted for the same ratio of the reactants and solvent by refluxing the contents for one hour and then allowing to cool (for both the copper and zinc complexes). Pale blue crystals were obtained in the case of copper complex which analysed to [Cu(2,2'-bipy)(H 2 O) 2 ]SO 4 (3). Yield: 75 %; Anal. Calcd for C 10 H 12 N 2 O 6 SZn: C, 33.9; H, 3.4; N, 7.9 %. Found: C, 33.8; H, 3.2; N, 7.8; UV-Vis (solvent) (λ max / nm (ε / L mol -1 cm -1 ): 745(100), 360(14200).
(iv) Dirty colourless crystals were obtained in the case of the zinc complex which analysed to [Zn(2,2'-bipy)(H 2 O) 2 ]SO 4 (4 
Analytical and physical measurements
UV-Visible spectra were recorded on a JASCO UVDEC-650 spectrometer and the IR spectra were recorded as KBr pellets using a JASCO IR-100 spectrometer. Elemental analyses (C,H,N) were realised with a Heraeus Carlo Erba 1108 instrument.
X-ray crystallography
Details of crystal data, data collection and refinement parameters for complexes 1, 2, 3 and 4 are summarized in Table I . Selected bond distances and angles are given in Table II . The indensity data were collected at room temperature (298K) on a Philips PW100 single crystal diffractometer using Mo-Kα radiation (0.71060 Å) for compound 1. A Siemens AED and an Enraf Nonius CAD4 diffractometer were used for compounds 2 and 3, respectively, employing Cu-Kα radiation (1.541780 Å) for data collection. For compound 1, the structure was solved by the SHELXL 92 program and refined by SHELX 93. 19 Structures 2 and 3 were solved by using the SIR92 20 program and refined using SHELX 93. 19 All the non-hydrogen atoms were refined anisotropically and the hydrogen atoms were refined isotropically. Table I RESULTS AND DISCUSSION
Electronic spectra and IR spectra
The electronic spectra of both copper complexes showed a prominent band around 750 nm. Another band around 365 nm observed for compound 1 was more intense indicating a charge transfer transition. However, the zinc complexes showed only a strong charge transfer band around 320 nm. The IR spectra of all four complexes showed strong absorptions due to ν(O-H), other than ring ν(C-N) vibrations in the range 1590 cm -1 , as observed before. 21 Table II X-Ray structures Molecular diagrams of complexes are given in Fig. 1, 2 and 3 . Complexes 1 and 2, and 3 and 4 are isostructural. Although the crystal structures of complex 4 has already been reported in the literature, 22 the compound was prepared by a direct procedure involving the reactants. In this investigation, complex 4 was obtained from reactivity studies. Therefore, only the crystal structures of three complexes, viz., 1, 2 and 3, are reported in this paper. Figure 1 .
Complex 1 displays a distorted trigonal bipyramidal geometry around the Cu(II) atom, which is coordinated by four N atoms from a 2,2'-bipyridine ligand and by the S atom. Two sets of Cu-N distances were observed. The axial distances are short compared to the equatorial ones. The axial Cu-N distances are 1.988(2) and 1.991(2) Å and the equatorial distances are 2.105(2) and 2.109(2) Å. Interestingly, the Cu-S distance is 2.318(1) Å. This is in keeping with the distances observed in similar Cu(2,2'-bpy) 2 have trigonal bipyramidal geometry, while a distorted octahedral environment was observed in complexes 3 and 4. This paper reports the oxidation of the dithiocarbamate ligand to a sulphate anion. Conversion to CH 3 CH 2 OSO 3 H was observed at room temperature. However, under refluxing conditions, complete conversion to SO 4 2-ion was observed. Sulphide ion coordination was observed on rare occasions leading to the formation of the five-coordinated MN 4 S (M = Cu,Zn) chromophore. Although, a similar conversion of dithiocarbamate to S 2 O 3 2-in ethylenediamine was reported, this paper reports the first instance of oxidation of dithiocarbamate to the SO 4 2-ion. 
